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Perioperative outcomes associated with general 
and spinal anesthesia after total joint arthroplasty 
for osteoarthritis: a large, Canadian, retrospective 
cohort study

Background: Compared with general anesthesia, spinal anesthesia has many benefits 
for patients undergoing total hip (THA) or total knee (TKA) arthroplasty, but few studies 
have explored rates of morbidity and mortality. We aimed to compare perioperative 
outcomes by anesthetic type for patients undergoing THA or TKA for osteoarthritis.

Methods: We identified patients who underwent primary THA or TKA from the 
affiliated institute’s database. We calculated inpatient, 30-day, 60-day and 90-day 
mortality rates, as well as 90-day perioperative complications, readmissions and length 
of stay (LOS). We compared outcomes between groups using logistic regression and 
propensity-adjusted multivariate analysis.

Results: We included 6100 (52.2%) patients undergoing THA and 5580 (47.8%) 
undergoing TKA. We found no differences by anesthetic type in mortality rates up to 
90 days after surgery. Patients under spinal anesthesia were less likely to need a blood 
transfusion (THA odds ratio [OR] 0.75, 95% confidence interval [CI] 0.60 to 0.92; 
TKA OR 0.52, 95% CI 0.40 to 0.67) and were more likely to be discharged home 
among those who underwent TKA (OR 1.61, 95% CI 1.30 to 2.00). Patients who 
received spinal anesthesia for THA had a longer LOS (0.28 d, 95% CI 0.17 to 0.39), 
and patients who received spinal anesthesia for TKA had a shorter LOS than those 
who received general anesthesia (–0.34 d, 95% CI –0.51 to –0.18). Anesthetic type 
was not associated with any difference in adverse events.

Conclusion: These findings may inform decisions on anesthetic type for total joint 
arthroplasty, especially for rapid discharge protocols. Further research is needed to 
understand postoperative pain and functional outcomes between anesthetic types.

Contexte : Comparée à l’anesthésie générale, la rachianesthésie présente de nombreux 
avantages pour les patients subissant une arthroplastie totale de la hanche (ATH) ou du 
genou (ATG), mais peu d’études se sont intéressées aux taux de morbidité et de mor-
talité. Nous avons cherché à comparer les résultats périopératoires par type 
d’anesthésie pour les patients subissant une ATH ou une ATG en raison de l’arthrose.

Méthodes  : Nous avons identifié des patients ayant subi une ATH ou une ATG pri-
maire dans la base de données de l’institut affilié. Nous avons calculé les taux de mortalité 
des patients hospitalisés, à 30, 60 et 90 jours, ainsi que les complications péri opératoires à 
90 jours, les réadmissions et la durée de séjour. Nous avons comparé les résultats des dif-
férents groupes au moyen d’une analyse de régression logistique et d’une analyse multi-
variée adaptée au score de propension.

Résultats  : Notre étude comprenait 6100 (52,2 %) patients soumis à une ATH et 
5580 (47,8 %) patients soumis à une ATG. Nous n’avons trouvé aucune différence dans 
les taux de mortalité en fonction du type d’anesthésie jusqu’à 90 jours après 
l’intervention. Les patients ayant subi la rachianesthésie étaient moins sujets à néces-
siter une transfusion sanguine (ATH : rapport des cotes [RC] de 0,75, intervalle de 
confiance [IC] de 95 % 0,60 à 0,92; ATG : RC de 0,52, IC de 95 % 0,40 à 0,67) et plus 
sujets à obtenir leur sortie de l’hôpital parmi le groupe des ATG (RC de 1,61, IC de 
95 % 1,30 à 2,00). Les patients ayant reçu la rachianesthésie pour l’ATH avaient un 
séjour de plus longue durée (0,28 j, IC de 95 %, 0,17 à 0,39) et les patients ayant reçu la 
rachianesthésie pour l’ATG avaient eu un séjour plus court que les patients ayant subi 
une anesthésie générale (–0,34 j, IC de 95 %, –0,51 à –0,18). Le type d’anesthésie 
n’était pas associé à une différence dans les événements indésirables.

Conclusion  : Ces résultats peuvent éclairer les décisions sur le type d’anesthésie à 
privilégier pour les arthroplasties totales, en particulier pour les protocoles de sortie 
rapide. D’autres recherches sont nécessaires pour comprendre la douleur postopéra-
toire et les résultats fonctionnels propres aux différents types d’anesthésie.
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T he growing demand and rising costs for total joint 
arthroplasty (TJA) carries an important economic 
burden to health care systems.1 A sizeable propor-

tion of the overall costs for TJA is attributed to patient 
postoperative length of stay (LOS).2 To mitigate costs, 
there has been a recent push toward rapid-recovery and 
fast-track clinical pathways that aim to shorten postopera-
tive LOS. These endeavours have ignited a new interest in 
assessing if a specific type of anesthetic could shorten LOS 
while offering an equivalent safety profile.

Despite numerous studies suggesting benefits of spinal 
anesthesia over general anesthesia for patients undergoing 
TJA, general anesthesia is still commonly used.3 The 
reported advantages of spinal anesthesia include fewer 
blood transfusions, lower rates of thromboembolic events 
and fewer surgical site infections.4–14 Unfortunately, many 
of these studies do not report on rates of morbidity and 
mortality beyond 30 days after surgery, which may under-
mine results as some complications attributable to surgery 
can occur up to 90 days later.

The purpose of this study is to expand current know-
ledge on 30-day perioperative mortality and identify any 
differences in inpatient, 60-day and 90-day mortality, as 
well as 90-day perioperative outcomes, between patients 
who received spinal or general anesthesia at the time of 
their TJA. Our null hypothesis was that anesthesia type 
would not be associated with increased mortality at any 
time point, but that there would be fewer perioperative 
complications with spinal anesthesia than with general 
anesthesia.

Methods

Study population

We conducted a retrospective, population-based assess-
ment using prospectively collected patient-level data, 
extracted from the provincial administrative data reposi-
tories that were available to the Alberta Bone and Joint 
Health Institute, Calgary, Alberta. The institute contains 
patient data from all hospitals across the province in a 
country with publicly funded health care. We used the 
Reporting of Studies Conducted Using Observational 
Routinely Collected Data (RECORD) guidelines in 
reporting this study.15

We searched the institute’s repositories to identify all 
patients who underwent an elective, primary, unilateral 
total hip arthroplasty (THA) or total knee arthroplasty 
(TKA) for osteoarthritis between December 2009 and 
December 2019, excluding those performed in the context 
of acute fractures, revision surgery, rheumatoid arthritis or 
osteonecrosis. We also excluded procedures for other 
second ary types of osteoarthritis such as posttraumatic or 
inflammatory osteoarthritis, or osteoarthritis resulting 
from dysplasia. This was achieved by using the Canadian 

Classification of Health Interventions codes 1VA53LAPN 
and 1VA53LLPN for THA, and 1VG53LAPN and 
1VG53LAPP for TKA, and their variations. We excluded 
patients who received any form of anesthesia other than 
general or spinal, and patients who received a revision 
arthroplasty, bilateral joint arthroplasty, unicompartmental 
knee replacement or resurfacing hip arthroplasty.

We collected patient characteristics, including age, sex, 
body mass index, score on the American Society of Anes-
thesiologists (ASA) physical status classification system and 
baseline comorbidities. The ASA score is a validated meas-
ure of perioperative mortality and immediate postoperative 
morbidity.16,17 The affiliated institute’s Arthroplasty Pre-
Surgery Risk Factors methodology identifies the presence 
of patient-related risk factors (comorbidities) by screening 
preadmission comorbidities in the Discharge Abstract 
Database and in the Canadian Institute for Health Infor-
mation (CIHI) Population Grouper data within the 5 years 
before the arthroplasty event. Population Grouper data are 
extracted from provincial administrative data sources to 
identify the presence of 226 discrete health conditions, 
which are aggregated into 16 health profile categories, 10 
of which were of interest for this study, namely cancer, 
cardiac illness, chronic hepatic conditions, chronic pul-
mon ary conditions, chronic renal conditions, dementia, 
diabetes with complications, previous stroke, obesity and 
moderate or severe mental health disorders.

Outcomes

The primary objective of this study was to compare in-
hospital, 30-day, 60-day and 90-day mortality rates 
between cohorts, defined as all-cause deaths that occurred 
after surgery. This was determined using the provincial 
patient registry, which captures all provincial deaths.

The secondary objectives were to compare need for 
blood transfusion; discharge destination; 30-, 60- and 
90-day readmission rates; deep surgical site infection; acute 
LOS; and postoperative complications. Postoperative com-
plications included myocardial infarction, pneumonia, 
gastro intestinal bleed, ileus, bleeding, delirium, acute renal 
failure and urinary tract infection. Discharge destination 
identified if a patient was discharged home with or without 
support services (e.g., home care assistance), or if they were 
discharged to an inpatient rehabilitation or a long-term care 
facility. We determined diagnosis of a deep surgical site 
infection based on the criteria outlined by the Centre for 
Disease Control and the National Healthcare Safety Net-
work.18 We calculated acute LOS in days from admission to 
discharge from the hospital where the surgery took place.

Surgeries were performed in accordance with each sur-
geon’s preferred surgical approach. All patients received a 
dose of tranexamic acid and antibiotics as per hospital proto-
col. All patients were admitted postoperatively as fast-track 
pathways had not yet been implemented in the province.
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Statistical analysis

We performed all statistical analyses using R version 4.0.2 
and R Studio using the ggplot2, survival, ranger, ggfortify, 
survminer, dplyr, glm2 and oddsratio packages. Results 
were reported separately for patients who received a THA 
and those who received a TKA. 

We summarized continuous variables as means with 
standard deviations and categorical variables as percent-
ages. We used the χ2 and Fisher exact tests to test for 
significance in the comparison of categorical outcomes 
between matched cohorts. We used the Student t test to 
test for significance in the comparison of continuous 
values.

We matched patients using the propensity score tech-
nique to control for selection bias and baseline patient 
characteristics. We matched all patients 1-to-1 by type of 
anesthetic used based on age, sex, body mass index, type 
of joint replacement (THA or TKA), ASA physical status 
and baseline comorbidities. We used multiple logistic 
regression to compare the odds of a perioperative com-
plication between anesthetic type for matched cohorts, 
adjusted for age, sex, BMI and ASA score. We used mul-
tiple linear regression to compare the acute LOS 
between matched cohorts, also adjusted for the afore-
mentioned variables.

Ethics approval

This study was approved by the University of Calgary’s 
Conjoint Health Research Ethics Board. Given the 
second ary access to deidentified data, this study received a 
waiver of consent. 

Results

After exclusions, 42 874 patients were eligible for analysis: 
17 727 (41.3%) who underwent THA (n = 3050 with gen-
eral anesthesia, n = 14 677 with spinal anesthesia) and 
25 147 (58.6%) who underwent TKA (n = 2790 with gen-
eral anesthesia, n = 22 357 with spinal anesthesia). Ninety-
three surgeons were responsible for these sur geries, for an 
average of 461 patients per surgeon.

After excluding patients with missing data for some of 
the characteristics, measures or outcomes, a total of 
11 680 patients were included in the study; 6100 (52.2%) 
patients underwent THA and 5580 (47.8%) underwent 
TKA. To control for selection bias between treatment 
groups, we calculated propensity scores for each patient 
on the basis of the aforementioned variables and preoper-
ative comorbidities. The model successfully reduced 
selection bias by eliminating significant differences in 
preoperative variables. Patient demographic characteris-
tics and preoperative comorbidities are presented in 
Table 1 and Table 2. We did not observe any significant 

differences between the THA and TKA groups after 
matching.

Primary outcome

No statistically significant difference was found in the 
overall prevalence of inpatient, 30-day, 60-day and 90-day 
mortality (Table 3). For the THA cohort, anesthetic type 
was not associated with increased inpatient mortality 
(odds ratio [OR] 0.95, 95% confidence interval [CI] 0.00 
to 110.59), 30-day mortality (OR 1.45, 95% CI 0.95 to 
2.44), 60-day mortality (OR 1.30, 95% CI 1.12 to 1.52) or 
90-day mortality (OR 1.08, 95% CI 1.05 to 1.12). Similar 
results were found for patients who received a TKA: inpa-
tient mortality (OR 0.68, 95% CI 0.02 to 3.63), 30-day 

Table 1: Characteristics of the matched cohort of patients who 
underwent total hip arthroplasty*

Characteristic

No. (%) of patients†

p value‡
Spinal anesthesia

n = 3050
General anesthesia

n = 3050

Sex > 0.99

    Male 1314 (43.1) 1313 (43)

    Female 1736 (56.9) 1737 (57)

Age, yr, mean ± SD 63.7 ± 11.9 63.6 ± 12.2 0.75

BMI, mean ± SD 29.8 ± 5.9 29.8 ± 6.1 0.97

ASA score > 0.99

    1 or 2 2235 (73.3) 2236 (73.3)

    3 or 4 815 (26.7) 814 (26.7)

Medical comorbidities§

    Cancer 436 (14.3) 446 (14.6) 0.74

    Cardiac illness 659 (21.6) 665 (21.8) 0.88

    Chronic hepatic  
    conditions

50 (1.6) 51 (1.7) > 0.99

    Chronic  
    pulmonary  
    conditions

319 (10.5) 324 (10.6) 0.87

    Chronic renal  
    conditions

91 (3) 99 (3.2) 0.61

    Dementia 26 (0.9) 26 (0.9) > 0.99

    Diabetes with  
    complications

364 (11.9) 366 (12.0) 0.97

    Previous stroke 33 (1.1) 34 (1.1) > 0.99

    Obesity 442 (14.5) 456 (15) 0.64

    Moderate or  
    severe mental  
    health disorders

138 (4.5) 138 (4.5) > 0.99

ASA = American Society of Anesthesiologists, BMI = body mass index, SD = standard 
deviation.

*14 677 records of patients with spinal anesthesia were extracted and were matched 
with 3050 records of patients with general anesthesia on age, sex, BMI, ASA Score and 
baseline comorbidities using the propensity score matching technique.

†Unless indicated otherwise.

‡Propensity scores were used to control for selection bias between the spinal and 
general anesthesia groups, and propensity-adjusted p values (from χ2 test for categorical 
variables and Student t test for continuous variables) for preoperative patient 
characteristics are reported. The model successfully reduced selection bias by eliminating 
significant differences in preoperative variables (the adjusted p value was > 0.05 for all).

§Chronic pulmonary conditions include congenital disorder of the respiratory system, 
chronic obstructive pulmonary disease, pulmonary hypertension, respiratory failure, cystic 
fibrosis, tuberculosis and other chronic lung disease. Moderate or severe mental health 
disorders include delusional disorder (including schizophrenia), bipolar or manic mood 
disorder, eating disorder, intellectual disorder or delay, and mental disorder resulting from 
brain injury or other illness.  
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mortality (OR 0.92, 95% CI 0.90 to 0.95), 60-day mortal-
ity (OR 0.92, 95% CI 0.90 to 0.95) and 90-day mortality 
(OR 0.85, 95% CI 0.83 to 0.87). Figure 1 shows the esti-
mates of survival probability within 90 days after surgery, 
grouped by anesthetic type.

Secondary outcome

Adjusted secondary outcomes are shown in Table 4. The 
most notable differences were that patients who received 
spinal anesthesia needed fewer blood transfusions regard-
less of procedure performed (THA 5.5% v. 7.2%, OR 0.75, 
95% CI 0.60 to 0.92; TKA 3.7% v. 6.8%, OR 0.52, 95% 
CI 0.40 to 0.67). For patients who underwent TKA, those 
who received spinal anesthesia were more likely to be dis-
charged home rather than a rehabilitation facility (OR 1.61, 
95% CI 1.30 to 2.00). We did not observe a statistical dif-
ference in the rate of readmission between patients who 
received spinal or general anesthesia. There was also no 
difference in the risk of developing a deep surgical site 
infection within 90 days for patients in either cohort.

Interestingly, there was an inverse impact on LOS for 
those who received spinal anesthesia for their THA com-
pared with those who underwent a TKA (Table 5). 
Patients who received spinal anesthesia for a THA were 
found to have a longer LOS than those who received gen-
eral anesthesia (mean difference 0.28, 95% CI 0.17 to 
0.39), whereas, patients who received spinal anesthesia for 
a TKA were found to have a shorter LOS than those who 
received general anesthesia (–0.34, 95% CI –0.51 to –0.18).

Lastly, anesthetic type did not influence risk of postop-
erative complications in either cohorts (Table 6).

discussion

We sought to expand current knowledge on 30-day mor-
tality rates and perioperative outcomes and identify dif-
ferences in inpatient, 60-day and 90-day postoperative 
mortality rates and morbidity between patients managed 
with spinal or general anesthesia at the time of their 

Table 2: Characteristics of the matched cohort of patients who 
underwent total knee arthroplasty*

Characteristic

No. (%) of patients†

p value‡

Spinal 
anesthesia
n = 2790

General 
anesthesia
n = 2790

Sex > 0.99

    Male 1009 (36.2) 1009 (36.2)

    Female 1781 (63.8) 1,781 (63.8)

Age, yr, mean ± SD 66.2 ± 9.3 66.2 ± 9.5 0.84

BMI, mean ± SD 33.4 ± 6.4 33.3 ± 6.6 0.78

ASA score 0.98

    1 or 2 1845 (66.1) 1847 (66.2)

    3 or 4 945 (33.9) 943 (33.8)

Medical comorbidities§

    Cancer 361 (12.9) 362 (13) > 0.99

    Cardiac illness 771 (27.6) 779 (27.9) 0.83

    Chronic hepatic  
    conditions

47 (1.7) 47 (1.7) > 0.99

    Chronic pulmonary  
    conditions

284 (10.2) 291 (10.4) 0.79

    Chronic renal conditions 89 (3.2) 91 (3.3) 0.94

    Dementia 30 (1.1) 32 (1.1) 0.90

    Diabetes with  
    complications

595 (21.3) 605 (21.7) > 0.99

    Previous stroke 48 (1.7) 48 (1.7) > 0.99

    Obesity 783 (28.1) 783 (28.1) > 0.99

    Moderate or severe  
    mental health disorders

131 (4.7) 131 (4.7) > 0.99

ASA = American Society of Anesthesiologists, BMI = body mass index, SD = standard 
deviation.

*22 357 records of patients with spinal anesthesia were extracted and matched 
with 2790 records of patients with general anesthesia on age, sex, BMI, ASA 
Score and baseline comorbidities using the propensity score matching 
technique.

†Unless indicated otherwise.

‡Propensity scores were used to control for selection bias between the spinal and 
general anesthesia groups, and propensity-adjusted p values (from χ2 test for 
categorical variables and by Student t test for continuous variables) for 
preoperative patient characteristics are reported. The model successfully reduced 
selection bias by eliminating significant differences in preoperative variables (the 
adjusted p value was > 0.05 for all).

§Chronic pulmonary conditions include congenital disorder of the respiratory 
system, chronic obstructive pulmonary disease, pulmonary hypertension, 
respiratory failure, cystic fibrosis, tuberculosis and other chronic lung disease. 
Moderate or severe mental health disorders include delusional disorder 
(including schizophrenia), bipolar or manic mood disorder, eating disorder, 
intellectual disorder or delay, and mental disorder resulting from brain injury or 
other illness.  

Table 3: Adjusted primary outcomes of matched cohort of patients who underwent total joint arthroplasty*

Outcome

Total hip arthroplasty Total knee arthroplasty

No. (%) of 
patients with 

spinal anesthesia 
n = 3050

No. (%) of patients with 
general anesthesia 

n = 3050
OR spinal v. general 
anesthesia (95% CI)

No. (%) of patients 
with spinal 
anesthesia 
n = 2790

No. (%) of patients 
with  general 
anesthesia 
n = 2790

OR spinal v. general 
anesthesia (95% CI)

Inpatient mortality 0 (0.0) 0 (0.0) 0.95 (0.00 to 110.59) 0 (0.0) 1 (0.0) 0.68 (0.02 to 3.63)

30-day mortality 2 (0.1) 0 (0.0) 1.45 (0.95 to 2.44) 2 (0.1) 4 (0.1) 0.92 (0.90 to 0.95)

60-day mortality 4 (0.1) 1 (0.0) 1.30 (1.12 to 1.52) 3 (0.1) 5 (0.2) 0.92 (0.90 to 0.95)

90-day mortality 5 (0.2) 3 (0.1) 1.08 (1.05 to 1.12) 3 (0.1) 7 (0.2) 0.85 (0.83 to 0.87)

CI = confidence interval, OR = odds ratio.

*Adjusted for age, sex, body mass index, American Society of Anesthesiologists score and baseline comorbidities (including diabetes, cardiac illness, pulmonary condition, cancer, stroke, 
renal dysfunction, hepatic dysfunction, obesity, dementia and mental illness) using multiple logistic regression.
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Table 4: Adjusted secondary outcomes of matched cohort of patients who underwent total joint arthroplasty* 

Measure

Total hip arthroplasty Total knee arthroplasty

No. (%) of 
patients with 

spinal anesthesia 
n = 3050

No. (%) of patients 
with general 
anesthesia 
n = 3050

OR spinal v. general 
anesthesia (95% CI)

No. (%) of patients 
with spinal 
anesthesia 
n = 2790

No. (%) of patients 
with  general 
anesthesia 
n = 2790

OR spinal v. general 
anesthesia (95% CI)

Blood transfusion 168 (5.5) 220 (7.2) 0.75 (0.60 to 0.92) 102 (3.7) 189 (6.8) 0.52 (0.40 to 0.67)

Discharge home 2794 (91.6) 2777 (91.0) 1.07 (0.88 to 1.30) 2626 (94.1) 2543 (91.2) 1.61 (1.30 to 2.00)

30-day readmission 50 (1.6) 58 (1.9) 0.87 (0.59 to 1.28) 64 (2.3) 63 (2.3) 1.03 (0.72 to 1.47)

60-day readmission 74 (2.4) 84 (2.8) 0.89 (0.64 to 1.22) 94 (3.4) 99 (3.6) 0.96 (0.72 to 1.28)

90-day readmission 97 (3.2) 120 (3.9) 0.81 (0.61 to 1.06) 130 (4.7) 137 (4.9) 0.95 (0.74 to 1.23)

Deep infection 13 (0.4) 10 (0.3) 1.05 (0.99 to 1.13) 9 (0.3) 9 (0.3) 1.00 (0.92 to 1.09)

CI = confidence interval, OR = odds ratio.

*Adjusted for age, sex, body mass index, American Society of Anesthesiologists score and baseline comorbidities (including diabetes, cardiac illness, pulmonary condition, cancer, stroke, 
renal dysfunction, hepatic dysfunction, obesity, dementia and mental illness).

Fig. 1: Estimates of survival probability within 90 days after (A) total hip arthroplasty or (B) total knee arthroplasty, grouped by anes-
thesia type (general or spinal). The shading represents the 95% confidence interval. 
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arthroplasty. The current investigation used data col-
lected from an affiliated institute, a large, independent, 
not-for-profit institute that prospectively collects data of 
patients who have undergone elective TJA. Both THA 
and TKA have previously been shown to be associated 
with short-term increase in mortality.29–31

Given the relatively low event and complication rates, 
specifically deaths, large sample sizes are required to 
achieve adequate statistical power. In addition, analyz-
ing this research question with a large randomized con-
trolled trial would be financially unfeasible. Therefore, 
one method to analyze mortality and reach adequate 
 statistical power is by using a large observational study 
design. We chose a retrospective cohort study from 
 prospectively gathered data to address our primary 
objective.

Our findings are consistent with those of previous 
studies.5,9–11,14 Perlas and colleagues5 were the first to 
report a strong association between anesthetic technique 
and 30-day mortality in arthroplasty. In their single- 

centre cohort study of 2135 matched pairs, they found a 
mortality rate of 0.19% (n = 4) for those who received 
spinal anesthesia and 0.8% (n = 17) for those who 
received general anesthesia. Since then, a large observa-
tional study has reported similar findings.30 Hunt and 
colleagues30 determined anesthetic type to be a modifi-
able clinical variable to reduce mortality (n = 0.019) in 
409 096 THA procedures. However, they did not find a 
similar association in patients after TKA.31 These studies 
report cumulative rates of mortality of 0.20% and 0.29% 
after TKA and THA, respectively.

Three large American studies, using the American 
College of Surgeons National Surgical Quality Improve-
ment Program (ACS NSQIP) database, have reported 
increased perioperative complications in patients man-
aged with general anesthesia at the time of surgery.4,10,11 
Our findings are consistent with these studies and other 
smaller studies,9,14 suggesting that patients who receive 
spinal anesthesia for a THA require fewer blood transfu-
sions. However, we did not observe any difference in 
rates of readmission or deep surgical site infection. On 
the other hand, patients who received spinal anesthesia 
for a TKA also required fewer blood transfusions, but 
were also found to be more likely to be discharged home. 
This has been supported by other studies.9,14,32 The asso-
ciation between transfusion risk and use of general anes-
thesia during THA has been described previously.32 The 
sympathetic blockade achieved with spinal anesthesia 
lowers mean arterial blood pressure and peripheral 
venous pressure, thus reducing the bleeding.33

The rising demand for TJA is concerning, given the 
growing economic burden these surgeries have on health 
care systems.34 In addition, these surgeries are forecasted to 
increase during the next 20 years.35,36 A sizeable proportion 
of overall cost of TJA is attributed to the postoperative 

Table 5: Adjusted mean length of acute hospital stay of 
matched cohort of patients who underwent total joint 
arthroplasty*

Cohort

Length of stay, d, mean ± SD

Mean difference 
(95% CI)

Spinal 
anesthesia

General 
anesthesia

Total hip arthroplasty 3.33 ± 2.13 3.05 ± 2.35 0.28 
(0.17 to 0.39)

Total knee 
arthroplasty

3.43 ± 2.08 3.78 ± 4.07 –0.34 
(–0.51 to –0.18)

CI = confidence interval, SD = standard deviation.

*Adjusted for age, gender, body mass index, American Society of Anesthesiologists score 
and comorbidities (including diabetes, cardiac illness, pulmonary condition, cancer, stroke, 
renal dysfunction, hepatic dysfunction, obesity, dementia and mental illness) using 
multiple linear regression.

Table 6: Postoperative complications of matched cohort of patients who underwent total joint arthroplasty

Characteristic

Total hip arthroplasty Total knee arthroplasty

No. (%) of patients 
with spinal anesthesia 

n = 3050

No. (%) of patients 
with general 
anesthesia 
n = 3050

OR spinal v. 
general anesthesia 

(95% CI)

No. (%) of 
patients with 

spinal anesthesia 
n = 2790

No. (%) of patients 
with  general 
anesthesia 
n = 2790

OR spinal v. 
general anesthesia 

(95% CI)

Myocardial infarction 5 (0.16) 3 (0.1) 1.08 (1.07 to 1.08) 1 (0.04) 7 (0.25) 0.55 (0.27 to 0.96)

Pneumonia 0 (0) 1 (0.03) 0.65 (0.02 to 3.44) 4 (0.14) 7 (0.25) 0.84 (0.74 to 0.93)

Gastrointestinal bleed 3 (0.10) 1 (0.03) 1.59 (0.53 to 8.68) 1 (0.04) 2 (0.07) 0.82 (0.04 to 8.03)

Ileus 12 (0.39) 6 (0.2) 1.29 (1.25 to 1.34) 9 (0.32) 8 (0.29) 1.07 (0.93 to 1.23)

Bleeding* 16 (0.52) 24 (0.79) 0.89 (0.86 to 0.91) 20 (0.72) 22 (0.79) 0.96 (0.90 to 1.02)

Delirium 11 (0.36) 14 (0.46) 0.98 (0.97 to 0.98) 14 (0.50) 8 (0.29) 1.10 (1.07 to 1.13)

Acute kidney injury 3 (0.10) 2 (0.07) 1.07 (1.03 to 1.12) 2 (0.07) 6 (0.22) 0.86 (0.85 to 0.87)

CI = confidence interval, OR = odds ratio.

*Bleeding, defined as any of the following codes from the International Classification of Diseases, 10th edition: D500 — anemia due to blood loss; D62 — acute anemia; D683 — hemor-
rhagic disorders due to anticoagulants; D69 — other hemorrhagic conditions; G361 — hemorrhagic leukoencephalitis; H113 — conjunctival hemorrhage; H356 — retinal hemorrhage; 
H431 — vitreous hemorrhage; H450 — vitreous hemorrhage; I60 — hemorrhage; I61 — hemorrhage; I62 — hemorrhage; J942 — hemothorax; J9500 — hemorrhage from tracheostomy 
stoma; K5520 —angiodysplasia; K625 — hemorrhage of anus and rectum; K661 — hemoperitoneum; M250 — haemarthrosis; R04 — hemorrhage from respiratory passages; R31 — hema-
turia; R58 — hemorrhage, NEC; R823 — hemoglubinuria; S064 — epidural hemorrhage;T810 — hemorrhage and hematoma, NEC.
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LOS. To mitigate these costs, there has been a recent 
push toward rapid-recovery and fast-track clinical path-
ways. The impact of anesthetic type on hospital LOS 
after TJA continues to be poorly understood and a topic 
for debate.11,37–39 A recent randomized controlled trial 
looked at recovery times after TJA in patients receiving 
spinal or general anesthesia.39 General anesthesia 
resulted in slightly shorter LOS (26 h v. 30 h, p = 0.004) 
and better orthostatic function. During fast-track arthro-
plasty pathways, general anesthesia may enable faster 
ambulation with less dizziness, but may compromise 
postoperative pain control. In the present study, we 
found an interesting difference between patients who 
received spinal anesthesia for THA or for TKA. Patients 
in the THA cohort who received spinal anesthesia 
required a longer LOS than those who received general 
anesthesia. This likely reflects the ability of patients to 
ambulate sooner after surgery. However, the same is not 
true in the TKA cohort. Patients who received spinal 
anesthesia at the time of surgery were found to require a 
shorter LOS. Although only speculative, this may reflect 
the better ability of spinal anesthesia to control pain. We 
believe that patients have more pain after a TKA than a 
THA, especially without a nerve block. A spinal anes-
thetic may provide the necessary pain control to allow 
patients to be discharged earlier after a TKA. Unfortu-
nately, our databases do not collect data on use of 
peripheral nerve block during TJA. Therefore, we do 
not know if there are any significant differences in use of 
peripheral blocks between group cohorts.

A strength of this study is that we asssessed morbidity 
and mortality with both a THA and a TKA cohort from 
the same database, while successfully matching patients 
using the propensity score technique. We were able to 
extend data acquisition time up to 90 days postsurgery. 
Some complications, such as deep vein thrombosis and 
pulmonary embolism must be monitored for longer, as 
virtually all venous thromboembolism attributable to sur-
gery can occur up to 90 days after the procedure.

Limitations

The limitations of our study are those characteristic of 
the use of large administrative databases. Additional study 
limitations include patient care factors that were not ana-
lyzed but may differ between patients receiving general 
or spinal anesthesia, including narcotic use, use of periph-
eral nerve blocks and procedure complexity — factors 
that may affect anesthetic choice and perioperative out-
comes. As previously stated, the decision to use general or 
spinal anesthesia in our study reflected the anesthesiol-
ogists’ judgment and practice rather than predetermined 
guidelines. Given our method of data capture, we were 
unable to identify patients who had a failed spinal anes-
thetic and converted to general anesthesia. It is unclear 

whether there are any effects of this conversion on 
reported results, as no study has addressed this. Finally, 
we used the ASA grade as an indicator of medical frailty 
for matching; however, this ultimately does not provide a 
complete picture of the patient’s medical status. The ASA 
grade has recognized limitations in terms of interobserver 
variability, but is a validated measure of perioperative 
mortality and immediate postoperative morbidity, thus 
lending value in creating 2 similar cohorts.18 Despite 
these shortcomings, the affiliated institute’s database is 
one of the largest institutes that prospectively collects and 
analyzes data for measuring outcomes against interna-
tional benchmarks using carefully selected data elements 
and key performance indicators. This database further 
allowed us to report 90-day perioperative complications, 
which was a shortcoming of previous studies.

conclusion

Our study shows that receiving general anesthesia 
during a TJA has no significant difference on mortal-
ity, but may be associated with an increased need for 
blood transfusion. Our results also suggest anesthetic 
type does not influence the risk of perioperative med-
ical complications. However, spinal anesthesia was 
associated with longer LOS after THA but shorter 
LOS after TKA, compared with patients who received 
general anesthesia. Future randomized trials are 
neces sary to further elucidate the importance of anes-
thetic type during TJA to optimize patient care and 
postoperative outcomes.
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